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A method for Warming up a fuel cell system comprising; a 
fuel cell Which generates electric current due to an electro 
chemical reaction between hydrogen and oxygen, and Which 
supplies the electric current to a load, an air supply pipe for 
supplying air to the fuel cell as an oxidant gas, an air exhaust 
pipe for discharging exhaust air from the fuel cell to an 
atmosphere, a compressor provided on either of air supply 
pipe and air exhaust pipe, Which carries the air and a commu 
nication pipe Which returns exhaust air to air supply pipe, and 
Which communicates exhaust air pipe With air supply pipe to 
form a circulation cycle including compressor. The method of 
the present invention comprises: detecting a temperature of 
the fuel cell, and if the temperature of the fuel cell is loWer 
than a ?rst prescribed temperature, heating fuel cell by circu 
lating the air, Which has been heated by a heat generated due 
to adiabatic compression through compressor prior to supply 
ing the electric current to the load from the fuel cell. 
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METHOD AND APPARATUS FOR 
WARMING-UP FUEL CELL AND FUEL CELL 

VEHICLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This Application is a Continuation-in-part of application 
Ser. No. 09/870,957 ?led on May 30, 2001 Which claims the 
bene?t of Japanese Application 2001-58785 ?led Mar. 2, 
2001 Which claims the bene?t of Japanese Application of 
2000-160098 ?led May 30, 2000. 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for 
Warming-up a fuel cell, Which generates electric current uti 
liZing oxygen contained in the air. 

PRIOR ART 

A fuel cell has recently draWn considerable attention as a 
poWer source of an electric vehicle because of its cleanness 
and excellent energy e?iciency. Generally, the air is supplied 
as an oxidant and the pure hydrogen is supplied as a fuel to the 
fuel cell so as to generate electric current by an electrochemi 
cal reaction of the fuel cell. 

Japanese Patent Laid-Open No.58-164157 discloses a fuel 
cell system having an air circulation pipe to reuse the unused 
oxygen in the air. In this prior art, the air functions as the 
oxidant but also as a coolant Which is to reduce heat from the 
fuel cell Which has occurred during the electrochemical reac 
tion. The air circulation is controlled by a valve and an air 
pump according to the temperature of a supply air and an 
exhaust air so that the temperature of the fuel cell remains in 
an ef?cient temperature. 

Another prior art U.S. Pat. No. 5,543,238 also discloses a 
polymer electrolyte membrane fuel cell system having the air 
circulation pipe. The fuel cell produces Water during its elec 
trochemical reaction. In this prior art the air carries the pro 
duced Water via the air circulation pipe for humidifying the 
membrane in the fuel cell. The air circulation is controlled by 
a pump and a controller. 

In these prior art disclosed above, the air circulation pipe is 
disclosed to cool the fuel cell, and to humidify the fuel cell 
during the operation of the fuel cell. The amount of the cir 
culation air must be controlled during the operation of the fuel 
cell because the oxygen in the air is used by the electrochemi 
cal reaction of the fuel cell so that the concentration of the 
oxygen is decreased and that loWers the ef?ciency of the fuel 
cell. 

The polymer electrolyte membrane fuel cell can generate 
electric current in an e?icient manner at a temperature higher 
than the atmospheric temperature (about 80-900 C.), and can 
not generate electric current unless the fuel cell is Well 
Warmed. Consequently, it is required to rapidly Warm-up the 
fuel cell at the time of stating the fuel cell. Particularly, When 
the fuel cell is carried on an electric vehicle, it should be 
Warmed-up more rapidly, because the vehicle is considered to 
use under loW temperature conditions such as cold districts 
and Wintertime. 

An object of the present invention is, therefore, to provide 
a method for Warming-up a fuel cell and a fuel cell vehicle 
Which can rapidly Warm-up the fuel cell at starting period of 
the fuel cell. 
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2 
Another object of the present invention is to provide an 

apparatus for Warming-up a fuel cell and a fuel cell vehicle 
Which can rapidly Warm-up the fuel cell at the starting period 
ofthe fuel cell. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is 
provided: a method for Warming up a fuel cell system com 
prising; a fuel cell Which generates electric current due to an 
electrochemical reaction betWeen hydrogen and oxygen, and 
Which supplies the electric current to a load, an air supply pipe 
for supplying air to the fuel cell as an oxidant gas, an air 
exhaust pipe for discharging exhaust air from the fuel cell to 
an atmosphere, a compressor provided on either of said air 
supply pipe and said air exhaust pipe, Which carries the air and 
a communication pipe Which returns said exhaust air to said 
air supply pipe, and Which communicates said exhaust air 
pipe With said air supply pipe to form a circulation cycle 
including said compressor. The method of the present inven 
tion comprises: detecting a temperature of the fuel cell, and if 
the temperature of the fuel cell-is loWer than a ?rst prescribed 
temperature, heating said fuel cell by circulating the air, 
Which has been heated by a heat generated due to adiabatic 
compression through said compressor prior to supplying the 
electric current to the load from the fuel cell. 

According to another aspect of the present invention, there 
is provided a method for Warming up a fuel cell vehicle 
comprising; a fuel cell Which generates electric current due to 
an electrochemical reaction betWeen hydrogen and oxygen, 
and Which supplies the electric current to a load, the load 
includes at least a driving motor Which able to drive said fuel 
cell vehicle, an air supply pipe for supplying air to the fuel cell 
as an oxidant gas, an air exhaust pipe for discharging exhaust 
air from the fuel cell to an atmosphere, a compressor provided 
on either of said air supply pipe and said air exhaust pipe, 
Which carries the air and a communication pipe Which returns 
said exhaust air to said air supply pipe, and Which communi 
cates said exhaust air pipe With said air supply pipe to form a 
circulation cycle including said compressor. The method of 
the present invention comprises: detecting a temperature of 
the fuel cell, and if the temperature of the fuel cell is loWer 
than a ?rst prescribed temperature, heating said fuel cell by 
circulating the air, Which has been heated by a heat generated 
due to adiabatic compression through said compressor prior 
to supplying the electric current to the driving motor from the 
fuel cell. 

According to still another aspect of the present invention, 
there is provided a An apparatus for Warming up fuel cell 
system comprising: a fuel cell Which generates an electric 
current due to an electrochemical reaction betWeen hydrogen 
and oxygen, and Which supplies the electric current to a load, 
an air supply pipe for supplying air to the fuel cell as an 
oxidant gas, an air exhaust pipe for discharging exhaust air 
from the fuel cell to an atmosphere, a compressor provided on 
either of said air supply pipe and said air exhaust pipe, Which 
carries the air and a communication pipe Which returns said 
exhaust air to said air supply pipe, and Which communicates 
said exhaust air pipe With said air supply pipe to form a 
circulation cycle including said compressor; a thermo-sensor, 
Which detects a temperature of the fuel cell, and a control unit 
Which controls said compressor so that said fuel cell is heated 
by circulating the air, Which has been heated by a heat gen 
erated due to adiabatic compression through said compressor 
prior to supplying the electric current to the load from the fuel 
cell and if the temperature of the fuel cell detected by the 
thermo-sensor is loWer than a ?rst prescribed temperature. 
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Also, provided is a fuel cell vehicle comprising a fuel cell 
Which generates electric current due to an electrochemical 
reaction betWeen hydrogen and oxygen, and Which supplies 
an electric current to a load, the load includes at least a driving 
motor Which able to drive a vehicle, an air supply pipe for 
supplying air to the fuel cell as an oxidant gas, an air exhaust 
pipe for discharging exhaust air from the fuel cell to an 
atmosphere, a compressor provided on either of said air sup 
ply pipe and said air exhaust pipe, Which carries the air and a 
communication pipe Which returns said exhaust air to said air 
supply pipe, and Which communicates said exhaust air pipe 
With said air supply pipe to form a circulation cycle including 
said compressor. The fuel cell vehicle further comprises a 
thermo-sensor Which detects a temperature of the fuel cell, 
and a control unit Which controls said compressor so that said 
fuel cell is heated by circulating the air, Which has been heated 
by a heat generated due to adiabatic compression through said 
compressor prior to supplying the electric current to the driv 
ing motor from the fuel cell and if the temperature of the fuel 
cell detected by the thermo sensor is loWer than a ?rst pre 
scribed temperature. 

Furthermore, the present invention provides a method for 
Warming up a fuel cell vehicle comprising; a fuel cell Which 
generates an electric current due to an electrochemical reac 
tion betWeen hydrogen and oxygen, and Which supplies the 
electric current to a load, the load includes at least an electric 
motor Which able to drive said fuel cell vehicle and an acces 
sory for the fuel cell. The method of the present invention 
comprises: detecting a temperature of the fuel cell, and if the 
temperature of the fuel cell is loWer than a ?rst prescribed 
temperature, heating said fuel cell by either a heat generated 
from the accessory of the fuel cell, or a heat generated by 
previous poWer generation of said fuel cell to a prescribed 
temperature that the fuel cell e?iciently generate electric cur 
rent by the electrochemical reaction, prior to supplying elec 
tric current to the driving motor, supplying the electric current 
from said fuel cell to the driving motor after the temperature 
of the fuel cell exceeds the prescribed temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 totally shoWs a fuel cell system including an appa 
ratus for Warming-up a fuel cell according to the present 
invention. 

FIG. 2 is a schematic vieW illustrating the con?guration of 
the fuel cell in FIG. 1. 

FIG. 3 is a graph shoWing the temperature-increasing pro 
?le in the compressor shoWn in FIG. 2. 

FIG. 4 is a control How of the apparatus for Warming-up the 
fuel cell according to the ?rst embodiment of the present 
invention at starting mode. 

FIG. 5 totally shoWs a fuel cell system including an appa 
ratus for Warming-up a fuel cell according to the second 
embodiment of the present invention. 

FIG. 6 totally shoWs a fuel cell system including an appa 
ratus for Warming-up a fuel cell according to the third 
embodiment of the present invention. 

FIG. 7 totally shoWs a fuel cell system including an appa 
ratus for Warming-up a fuel cell according to the fourth 
embodiment of the present invention. 

FIG. 8 is a control How of the apparatus for Warming-up the 
fuel cell according to the fourth embodiment of the present 
invention at starting mode. 

FIG. 9 totally shoWs a fuel cell system including an appa 
ratus for Warming-up a fuel cell according to the ?fth embodi 
ment of the present invention. 
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4 
FIG. 10 totally shoWs a fuel cell system including an appa 

ratus for Warming-up a fuel cell according to the sixth 
embodiment of the present invention. 

FIG. 11 shoWs a fuel cell system according to the present 
invention carried on a vehicle. 

FIG. 12 shoWs ?oW before starting poWer generation of the 
fuel cell and How of previous poWer generation of the fuel 
cell. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the apparatus for Warming-up the fuel cell 
and the fuel cell vehicle according to the present invention 
Will noW be described by referring to the attached draWings. 

FIRST EMBODIMENT 

The apparatus for Warming-up the fuel cell system accord 
ing to the ?rst embodiment Will be described herein beloW. 

In the folloWing explanation Which demonstrates the ?rst 
embodiment, FIGS. 1 to 3 and 11 are used for the reference, 
Wherein FIG. 1 and 11 totally shoWs a fuel cell system includ 
ing an apparatus for Warming-up a fuel cell according to the 
present invention; FIG. 2 is a schematic vieW illustrating the 
con?guration of the fuel cell in FIG. 1; and FIG. 3 is a graph 
shoWing the temperature-increasing pro?le in the compressor 
shoWn in FIG. 2. 

A fuel cell system FCS shoWn in FIG. 1 is an electric poWer 
generation system based on a fuel cell 1. The fuel cell system 
FCS is mainly composed of the fuel cell 1, an air-supplying 
apparatus 2, a hydrogen-supplying apparatus 3, a controller 4, 
and the like. The apparatus GS (GSl) for Warming-up the fuel 
cell is composed of the air-supplying apparatus 2, and a 
controller 4. The fuel cell system FCS is carried on a vehicle 

(fuel cell vehicle). 
As shoWn in FIG. 2, the fuel cell 1 is divided into a cathode 

side and an anode side across an electrolyte membrane 10. 
Electrodes containing a platinum series catalyst are provided 
on both sides to form a cathode electrode 1b and an anode 
electrode 1d, respectively. As the electrolyte membrane 10, a 
solid macromolecular membrane such as a per?uorocarbon 
sulfonic acid membrane, Which is a proton-exchange mem 
brane, is used. The electrolyte membrane 10 has a plurality of 
proton exchanging groups in the molecule thereof, and a loW 
speci?c resistance not more than 20 Q-proton at the normal 
temperature When it has a saturated moisture content, acting 
as a proton-conductive electrolyte. The catalyst contained in 
the cathode 1b is a catalyst in order to produce oxygen ions 
from oxygen, and the catalyst contained in the anode 1d is a 
catalyst in order to produce protons from hydrogen. 
A cathode side gas passage 1a Which alloWs a supply gasA 

as an oxidant gas for passing therethrough is provided outside 
the cathode electrode 1b, While an anode side gas passage 1e 
Which alloWs hydrogen H to be supplied as a fuel gas for 
passing therethrough is provided outside the anode electrode 
1d. An inlet and outlet of the cathode side gas passage 1a are 
connected to the air-supplying apparatus 2, and an inlet and 
outlet of the anode side gas passage 1d are connected to the 
hydrogen-supplying apparatus 3. The con?guration of the 
fuel cell 1 shoWn in FIG. 2 is schematically shoWn as a single 
cell, but an actual fuel cell 1 is made up of a fuel cell stack With 
approximately 200 single cells stacked. Since the fuel cell 
heats up due to electrochemical reaction during the course of 
the poWer generation, the fuel cell 1 has a cooler (not shoWn) 
Which cools the fuel cell 1. 
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In the fuel cell 1, When the supply airA is supplied to the 
cathode side gas passage 1a and the supply hydrogen H is 
supplied to the anode side gas passage 1e, hydrogen is ioniZed 
due to the catalyZation at the anode electrode 1d to produce 
protons, Which then move Within the electrolyte membrane 10 
to reach the cathode electrode 1b. The protons reaching the 
cathode electrode 1b are readily reacted With the oxygen ions 
produced from the oxygen contained in the supply air A to 
produce Water. The supply air A containing the Water thus 
produced is discharged from the outlet at the cathode side of 
the fuel cell 1 as exhaust air Ae, Which contains a large 
amount of moisture). Electron e- are produced at the anode 
electrode 1d at the time of ioniZing hydrogen, the resulting 
electrons e— reach the cathode electrode 1b via an external 
load M such as a driving motor. The fuel cell supplies electric 
current to the external load. 
As shoWn in FIG. 11, the fuel cell 1 is connected via an fuel 

cell breaker FC/B, to the loads such as a driving motor M, an 
inverters for the accessories (such as a compressor inverter 
S/C, Water pump inverter W/p), an air conditioner inverter 
A/ C, and a voltage converter V/C. An electric energy storage 
capacitor CAPA is provided separately from the fuel cell, and 
is connected via a high voltage capacitor breaker CAPA/B. 
The capacitor and the fuel cell are connected to the loads in 
parallel. 
As shoWn in FIG. 1, the air-supplying apparatus 2 making 

up the apparatus GSl for Warming-up the fuel cell is com 
posed mainly of an air cleaner 21, a heat exchanger 22, a 
humidi?er 23, a compressor 24, a pressure control sensor 25, 
a three-Way valve 26, an airometer (?oW sensor) Q, thermo 
sensors T1, T2,and T3, a humidity sensor H, and the like. 
The air cleaner 21 is composed of a ?ler (not shown), and 

the like, and ?ltrates the air supplied to the cathode electrode 
side of the fuel cell 1 (supply air A) thereby remove dusts 
contained in the supply air A. 

The heat exchanger 22 (as an apparatus) is composed of a 
plate type heat exchanger or a shell and tube type heat 
exchangerpossessing passages at a loW temperature ?uid side 
and a high temperature ?uid side (not shoWn), and performs 
heat exchange betWeen the air compressed through the com 
pressor 24 (exhaust air Ae) and the supply air A. The supply 
air A is heated through the heat exchanger 22 and then is 
introduced into the fuel cell 1. The fuel cell 1 is operated at a 
temperature from about 80 to 90° C. For this reason, the 
temperature-controlled supply airA controlled to be from 60 
to 750 C. is introduced into the fuel cell 1. The temperature 
control of the supply air A Will be described fully later on. 

The compressor inverter 8/ C is connected to the compres 
sor 24 to supply air to the fuel cell as an oxidant. 
The humidi?er 23, Which is one of a carburetor, is com 

posed of Venturi tubes (capillary tubes), a Water-storage tank, 
a siphon Which connects the Venturi tubes and the Water 
storage tank etc. (not shoWn), the Water stored in the Water 
storage tank is pumped by the Venturi action and is sprayed to 
humidify the supply air A. Into the siphon tube is inserted a 
needle Which is driven by a stepping motor to control the ?oW 
amount of the Water ?oWing through the siphon tube (the 
needle and the siphon tube making up a needle valve). As 
described above, the humidi?cation of the supply air A is to 
humidify the fuel cell 1 thereby preventing the drying of the 
electrolyte membrane 10 shoWn in FIG. 2. If the electrolyte 
membrane 10 is dried, the migration of the protons is inhib 
ited, loWering the e?iciency of the fuel cell 1. On the other 
hand, if the fuel cell 1 is humidi?ed in excess, the cathode side 
gas passage 111 shown in FIG. 1 and/or diffusion layers (not 
shoWn) are soaked in Water, leading to decrease in the elec 
tromotive poWer. 
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6 
The compressor 24 (means for pressing in the exhaust gas) 

is composed of a super charger (volume type compressor), a 
motor Which drives the super charger (not shoWn), and the 
like, and the compressor 24 draWs the supply airA Which has 
been used as the oxidant gas in the fuel cell 1, i.e., the exhaust 
air Ae discharged from the cathode side of the fuel cell 1, and 
deliveries the exhaust airAe to the later heat exchanger 22. By 
draWing the supply air A, the compressor 24 plays role in 
operating the fuel cell 1 through a negative pressure (pressure 
not higher than the atmospheric pressure) . The compressor 
also adiabatically compresses the exhaust air Ae to raise the 
temperature of the exhaust air, Whereby the exhaust air Ae 
having been heated up is used as a heat source for heating the 
supply air A. 
The pressure control valve (pressure controller) 25 is com 

posed of a butter?y valve and a stepping motor (not shoWn), 
and the like, and it controls the pressure of the exhaust air Ae 
out of the compressor (discharge pressure) by decreasing or 
increasing the opening of the pressure control valve 25. When 
the opening of the pressure control valve 25 is decreased, the 
discharge pressure from the compressor 24 is increased and, 
accordingly, the range of increasing the temperature of the 
exhaust air Ae is increased. Conversely, When the opening of 
the pressure control valve 25 is increased, the discharge pres 
sure from the compressor 24 is decreased, and accordingly, 
the range of increasing the temperature of the exhaust air Ae 
is decreased. 
The pressure control vale 25 makes the exhaust air ?oWing 

in a situation Where change in enthalpy is small. For this 
reason, the temperature decrease of the exhaust gas after 
?oWn through the pressure control valve 25 is small. 
The three-Way valve 26 (means for returning the exhaust 

gas) is composed of a passage sWitcher driven through elec 
tromagnetic force (not shoWn) and it sWitches the passage of 
the exhaust gas Ae to an exhaust position or a returning 
position. When the three-Way valve 26 is set at the exhaust 
position, the exhaust gas Ae is discharged out of the system, 
to the atmosphere. On the other hand, When the three-Way 
valve 26 is set at the returning position, the exhaust gas Ae is 
returned to a the supply air pipe via a communication pipe 
positioned betWeen the air cleaner 21 and the heat exchanger 
22. 
When the three-Way valve is in return position, the pipes 

(the supply air pipe, the exhaust air pipe and the communi 
cation pipe) forrn a circulation cycle including compressor 
24. The conditions for sWitching the position of the three-Way 
valve 26 to the exhaust position or the returning position Will 
be described later on. 
The airometer Q is composed of a differential pressure type 

?oW meter etc., and it detects the ?oW amount of the supply 
air A after ?oWing through the air cleaner 21 (after joining 
With the exhaust air Ae) and sends the detected signal to the 
controller 4. 
The thermo-sensor T l is composed of a thermister etc., and 

it detects the temperature of the supply gas A at the inlet of the 
fuel cell 1 at the cathode side, Which is sent to the controller 
4. 
The thermo-sensor T2 is composed of a thermister etc., 

similar to the thermo-sensor T1, and it detects the temperature 
of the exhaust airAe at the outlet of the compressor 24, Which 
is sent to the controller 4. 
The thermo-sensor T3 is composed of a thermister etc., 

similar to the thermo-sensor T l and T2, and it detects the 
temperature of the exhaust air Ae at the outlet of the fuel cell 
1 of the cathode side, Which is sent to the controller 4. 
The humidity sensor H is composed of a macromolecular 

type humidi?cation sensor, etc., and it detects the humidity of 
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the supply gas A at the inlet of the fuel cell 1 at the cathode 
side, Which is sent to the controller 4. 
As shoWn in FIG. 1, the hydrogen-supplying apparatus 3 is 

composed of a hydrogen gas cylinder 31, a regulator 32, a 
hydrogen-circulating pump, a three-Way valve 34, and the 
like. 

The hydrogen gas cylinder 31 stores the supply hydrogen 
gas H to be introduced into the anode side of the fuel cell 1. 
The supply hydrogen H to be stored is pure hydrogen having 
a pressure of from 15 to 20 MpaG (150-200 kg/cm2 G) . It is 
noted that the hydrogen gas cylinder 31 may be a type having 
a built-in hydrogen-occlusion alloy Which stores hydrogen at 
a pressure of approximately 1 MpaG (l0 kg/cm2 G). 

The regulator 32 is composed of a diaphragm, a pressure 
adjusting spring (not shoWn), etc. and is a pressure controller 
Which decreases the pres sure of the supply hydrogen stored at 
a high pressure to a prescribed level so that the supply hydro 
gen H may be utiliZed at a constant pressure. Taking the 
atmospheric pressure as the reference pressure to be intro 
duced into the diaphragm, the regulator 32 can decrease the 
pressure of the supply hydrogen H stored in the hydrogen gas 
cylinder 31 to a level near the atmospheric pressure. Taking 
the pressure of the negative pressure portion of the air-sup 
plying apparatus 2 Which is operated at a negative pressure as 
a reference pres sure to be introduced into the diaphragm, the 
pressure of the supply hydrogen H stored in the hydrogen gas 
cylinder 3 1 can be decreased to a pressure near the pres sure of 
the corresponding negative pressure portion. In the ?rst 
embodiment, since the hydrogen-supplying apparatus 3 is 
operated at a negative pres sure not higher than the atmo 
spheric pressure, the pressure at the intake side of the com 
pressor 2 of the air-supplying apparatus 2 is input as the 
reference pressure. By operating the hydro gen- supplying 
apparatus 3 at a negative pressure, the external leakage of the 
?oWing hydrogen can be prevented, Which improve the fuel 
e?iciency. 

The hydrogen-circulating pump 33 is composed of an ej ec 
tor (not shoWn), etc., and it utiliZe a How of the supply hydro 
gen H toWards the anode side of the fuel cell 1 to draW the 
supply hydrogen H having been used in the fuel cell 1, i.e., the 
exhaust hydrogen He, Which is discharged from the anode of 
the fuel cell 1 and ?oWs through a three-Way valve 34, and to 
circulate it. The reason Why the exhaust hydrogen is circu 
lated and used is that the supply hydrogen H is pure hydrogen 
stored in the hydrogen gas cylinder 31. 
The three-Way valve 34 is composed of a passage sWitcher 

(not shoWn), etc., and it sWitches the passage of the exhaust 
hydrogen He to the discharge position or circulation position. 
When the three-Way valve 34 is sWitched to the discharge 
position, the exhaust hydrogen He is discharged out of the 
system of the hydrogen-supplying apparatus 3. When the 
three-Way valve 34 is sWitched to the circulation position, the 
exhaust hydrogen He is introduced into a hydrogen circula 
tion pump 33. 

The controller 4 Which makes up the apparatus GSl for 
Warming-up the fuel cell is composed of CPU, memories, I/O 
interface, A/D converter, bus, etc., (not shoWn). The control 
ler 4 totally controls the fuel cell system FCS. The controller 
4 also controls the How amount, temperature and the humidity 
of the supply air A to be supplied to the fuel cell 1. The 
controller 4 receives the detected signals from sensors Q, T1, 
T2, and T3 and H. Also, the controller 4 sends the control 
signals to the humidi?er, to the compressor 24, to the pressure 
control valve 25, and to the three-Way valve 26. The control of 
(l) the How amount, (2) temperature and (3) the humidity of 
the supply airA and (4) control for sWitching the passage Will 
noW be described. As described herein beloW, the controller 4 
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possesses tWo modes, i.e., a starting mode and a normal 
mode. The three-Way valve 26 is in the returning position at 
the starting mode, and in the exhaust position at the normal 
mode. 

(1) With regard to the control of the How amount, the 
controller 4 sets a target ?oW amount of the supply airA to be 
required through a map etc., on the basis of the output demand 
signal from means for adjusting output such as an accelerator 
pedal (not shoWn) . When the target ?oW amount is increased, 
the controller 4 produces a control signal so as to increase the 
discharge amount from the compressor 24 (revolution num 
ber of the motor) and send it to the compressor 24. On the 
other hand, When the target ?oW amount is decreased, the 
controller 4 produces a control signal so as to decrease the 
discharge amount from the compressor 24 (revolution num 
ber of the motor) and send it to the compressor 24. At this 
time, a feed back control is performed so that the deviation 
betWeen the detected signal from the airometer Q and the 
target ?oW amount becomes Zero. 

(2) With regard to the temperature control, the controller 4 
the temperature of the supply air A to be the target tempera 
ture ranging from 60° C. (the loWer limit of the prescribed 
temperature) to 75° C. (the upper limit of the prescribed 
temperature) on the basis of the detected signal from the 
thermo-sensor Tl by means of the opening of the pressure 
control valve 25 through the stepping motor. Speci?cally, 
When the temperature of the supply air A is or Will be 
increased to be not loWer than the target temperature, the 
controller 4 produces a control signal so as to drive the step 
ping motor in such a manner as to decrease the opening of the 
pressure control valve, and send the produced signal. This 
decreases the discharge amount from the compressor 24, 
decreasing the temperature of the exhaust gas Ae, Which in 
turn, decreases the heat exchange amount in the heat 
exchanger 22 to thereby decrease the temperature of the sup 
ply air A. On the other hand, When the temperature of the 
supply airA is or Will be decreased to be not higher than the 
target temperature, the controller 4 produces a control signal 
so as to drive the stepping motor in such a manner as to 

increase the opening of the pressure control valve, and send 
the produced signal. This increases the discharge amount 
from the compressor 24, increasing the temperature of the 
exhaust gas Ae, Which in turn, increases the heat exchange 
amount in the heat exchanger 22 to thereby increase the 
temperature of the supply air A. At this time, a feed back 
control is performed so that the deviation betWeen the 
detected signal from the thermo -meter T1 and the target tem 
perature becomes Zero. Irrelevant to the opening of the pres 
sure control valve 25, the compressor 24 actuates to supply 
the supply air A in a target ?oW amount into the fuel cell 1. 
As a fail-safe mechanism, When the detected signal from 

the thermo-sensor T2 becomes higher than a given level (not 
loWer than 150° C.), in order to protect the compressor 24, 
etc., the controller 4 produces a control signal for increasing 
the opening of the pressure control valve 25 and/ or a control 
signal for decreasing the discharge amount from the compres 
sor 24 and send it/them. This decreases the temperature at the 
discharge side of the compressor 24 to thereby protect the 
compressor 24. 

FIG. 3 shoWs a relationship betWeen the pressure ratio 
(P1-P5:discharge pressure/intake pressure) of the compres 
sor 24 and the temperature of the exhaust air Ae (the pres sure 
ratio: P5>P4>P3>P2>P1). As seen from this ?gure, it can be 
understood that the temperature of the exhaust air Ae can be 
increased by increasing the pressure ratio of the compressor 
24, Whereupon the How amount of the exhaust air Ae only has 
little in?uence. Speci?cally, it can be understood that the 
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temperature of the exhaust air Ae can be controlled by pres 
sure control valve 25. Here, the target temperature described 
in FIG. 3 is the minimum target temperature of the exhaust air 
Ae (discharge gas) at the discharge side of the compressor 24. 
The normal operation (Warming-up) is carried out at a tem 
perature higher than the target temperature. 

(3) With regard to the humidity control, the controller 4 
controls the humidity of the supply air A to be supplied into 
the inlet of the fuel cell 1 at the cathode side so as to be a target 
humidity on the basis of the detected signal from the humidity 
sensor H by controlling the opening of the needle valve of the 
humidi?er 23 through a stepping motor. Speci?cally, When 
the humidity of the supply air is or Will be increased to be 
higher than the target humidity, the controller 4 produces a 
control signal such as to drive the stepping motor in such a 
manner as to decrease the opening of the needle valve and 
send the produced control signal. This decreases the amount 
of moisture ?oWing through the needle valve, decreasing the 
humidity of the supply air A. On the other hand, When the 
humidity of the supply air is or Will be decreased to be higher 
than the target humidity, the controller 4 produces a control 
signal such as to drive the stepping motor in such a manner as 
to increase the opening of the needle valve and send the 
produced control signal. This increases the amount of mois 
ture ?oWing through the needle valve, increasing the humid 
ity of the supply air A. At this time, a feedback control is 
performed so that the deviation betWeen the detected signal 
from the humidity sensor H and the target humidity becomes 
Zero. 

(4) With regard to the control for sWitching the passage, 
When the ignition sWitch of the vehicle is ON to start the fuel 
cell system FCS, the controller becomes the starting mode. 
When the controller 4 is in the starting mode, the controller 4 
produces a signal so as to sWitch the three-Way valve 26 into 
the returning position to the three-Way valve 26 and send it to 
the three-Way valve 26 (the formation of circulation cycle). 
As described beloW, the starting mode is released in such a 
case that the detected signal from the thermo-sensor T3 
exceeds a prescribed level, and the controller 4 is shifted to the 
normal mode. When being shifted to the normal mode, the 
controller 4 produces a signal for the three-Way valve 26 to be 
sWitched into the exhaust position and send the signal to the 
three-Way valve 26. It is possible to con?gure that When the 
temperature of the exhaust air Ae discharged from the fuel 
cell 1 is loW, the mode is automatically sWitched to the start 
ing mode. 

Next, one example of the operation of the apparatus GS1 
for Warming-up the fuel cell according to the ?rst embodi 
ment having being described above Will be described by 
referring to FIG. 4. 

FIG. 4 is a control How of the apparatus for Warming-up the 
fuel cell according to the ?rst embodiment of the present 
invention at starting mode. It is noted that the target tempera 
ture of the supply airA at the time of Warming-up is from 60° 
C. (loWer limit) to 75° C. (upper limit) 
At the starting mode, the controller 4 is sWitched or posi 

tioned to the three-Way valve 26 into the returning position to 
form a circulation cycle (S1). Next, the compressor 24 is 
operated at a predetermined revolution number (3000 rpm), 
and the opening of the pressure control valve 25 is set at a 
prescribed level (S2 and S3). The pressure control valve 25 is 
set so that the discharge pressure of the compressor 24 is 40 
kPaG. This starts the Warming-up of the fuel cell 1. In this 
case, the Water is effectively utiliZed. At this time, the fuel cell 
does not output electric poWer. Since the pressure at point C in 
FIG. 1 is loWer than that at point b in FIG. 1, the supply airA 
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10 
from point C does not How to point A, but the exhaust air Ae 
from point B ?oWs (pressure of point b>pressure of point 
c>pressure of point A). 

Next, the controller judges Whether or not the temperature 
of the exhaust air Ae at the outlet of the fuel cell 1 of the 
cathode side is loWer than 20° C. (S4). The temperature of the 
exhaust air Ae represents the temperature of the fuel cell. If 
the temperature of the exhaust air Ae is not loWer than 20° C., 
the prescribed temperature Which the fuel cell ef?ciently gen 
erate electric current by the electrochemical reaction, since 
the Warming-up can be judged to be completed, the controller 
4 executes the normal mode (S5). At the time of the execution 
of the normal mode, the fuel cell 1 starts the poWer genera 
tion, and supplies electric current to the loads, and the three 
Way valve 26 of the air-supplying apparatus 2 is positioned to 
the exhaust position. When the poWer generation is started, 
oxygen and hydrogen are consumed. 
On the other hand, if the temperature of the exhaust air Ae 

is loWer than 20° C., the prescribed temperature Which the 
fuel cell e?iciently generate electric current by the electro 
chemical reaction, in Step 4, the Warming-up is continued. In 
this case, the controller 4 judges Whether or not the tempera 
ture of the supply airA at the cathode side of the fuel cell 1 is 
loWer than 60° C. (S6). If it is loWer than 60° C., the pressure 
control valve 2 is closed 1 degree (S7), and this state is kept 
for a given period of time (several seconds) (S8). This 
increases the temperature of the exhaust air Ae (discharge 
gas) and that of the supply air A, rapidly Warming-up the fuel 
cell. In step S9, the controller 4 judges Whether or not the 
temperature of the exhaust air Ae at the discharge side of the 
compressor 24 exceeds 130° C. Ifit is not higherthan 130° C., 
Which is the temperature having no problem, the controller 4 
is returned to step S4 to continue the Warming-up. If the 
temperature of the exhaust air Ae at the discharge side of the 
compressor 24 exceeds 130° C., the pressure control valve 25 
is opened 5 degree, and this state is kept for a given period of 
time (several seconds) (S10 and S1). This decreases the tem 
perature of the exhaust gas Ae at the discharge side of the 
compressor 24. Preferably, the actual temperature is judged in 
step S12; if the temperature is decreased, the controller 4 is 
returned to step 4 to continue the treatment (it is also possible 
to be returned to step S4). 

If the temperature of the exhaust gas Ae at the discharge 
side of the compressor 24 is still increased (or is not loWer 
than 150° C. (prescribed temperature)), the controller 4 is 
shifted to step S17 to execute a fail-safe action to Wide-open 
the pressure control valve and to stop the compressor 24 (S17 
and S18). In this case, an alarm lamp is turned on to notify the 
abnormality to the driver, because of the consideration of the 
abnormality of the pressure control valve 25. 

If the temperature of the supply airA at the cathode side of 
the fuel cell 1 is not loWer than 60° C. in Step S6, the con 
troller judges Whether or not the temperature of the supply air 
A at the cathode side of the fuel cell 1 exceeds 75° C., Which 
is the upper limit of the target temperature (S13). If it is loWer 
than 75° C., Which is an appropriate temperature, the control 
ler is returned to step S4 to continue the treatment. 
On the other hand, if the temperature of the supply airA at 

the cathode side of the fuel cell 1 exceeds 75° C., the pressure 
control valve 25 is opened 5 degree, and this state is kept for 
a prescribed period of time (several seconds) (S14 and S15). 
This decreases the temperature of the exhaust air Ae at the 
discharge side of the compressor 24 and the temperature of 
the supply airA at the cathode side of the fuel cell 1. Prefer 
ably, the actual temperature is judged in step S12; if the 
temperature is decreased, the controller 4 is returned to step 4 
to continue the treatment (it is also possible to be returned to 
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step S4) . If the temperature of the exhaust gas Ae at the 
discharge side of the compressor 24 is still increased (or is not 
loWer than 150° C. (prescribed temperature)), in Which case 
the mechanical abnormality can be considered as described 
above, the fail-safe action is executed to Wide-open the pres 
sure control valve and to stop the compressor 24 (S17 and 
S18). In this case, an alarm lamp is turned on to notify the 
abnormality to the driver. When the pressure control valve 25 
is Wide-opened, the temperature of the exhaust air Ae is 
decreased even in the case Where the compressor does not 
stopped. 
As described above, by switching the three-Way valve 26 

from the starting mode to the normal mode or vice versa and 
by returning the exhaust air Ae to the fuel cell 1 as the supply 
air A again, the heat generated by the adiabatic compression 
of the compressor can be used Without Wasting it to thereby 
Warms-up the fuel cell. Also, the moisture stored in the inte 
rior of the fuel cell 1 can be effectively utiliZed. While means 
for spraying Water is utiliZed as the humidi?er 23 described in 
this embodiment, it is also possible to employ means for 
utiliZing a Water-permeable holloW ?ber membrane. Also, 
although the description is omitted, the hydrogen-supplying 
apparatus may be con?gured to carry out the temperature 
control and humidity control. 

SECOND EMBODIMENT 

Next, an apparatus for Warming-up the fuel cell according 
to the second embodiment of the present invention Will noW 
be described. Elements, parts, and the like identi?ed With 
those of the ?rst embodiment have the same numerals or 
symbols and their descriptions Will be omitted. 

FIG. 5 totally shoWs a fuel cell system including an appa 
ratus for Warming-up a fuel cell according to the second 
embodiment of the present invention. 
As shoWn in FIG. 5, the apparatus GS2 for Warming-up a 

fuel cell according to the second embodiment is con?gured 
that no heat exchanger is provided (other portions are the 
same as those of the ?rst embodiment). In this con?guration, 
the heat generated by the adiabatic compression of the com 
pressor can be used Without Wasting it to thereby Warms-up 
the fuel cell, and the moisture stored in the interior of the fuel 
cell 1 can be effectively utiliZed similar to the ?rst embodi 
ment. A heat exchanger may be provided doWnstream the 
three-Way valve 26 (discharge side) to carry out heat 
exchange betWeen the exhaust air Ae and the supply air A at 
the normal mode. 

THIRD EMBODIMENT 

Next, an apparatus for Warming-up the fuel cell according 
to the third embodiment of the present invention Will noW be 
described. Elements, parts, and the like identi?ed With those 
of the ?rst embodiment have the same numerals or symbols 
and their descriptions Will be omitted. 

FIG. 6 totally shoWs a fuel cell system including an appa 
ratus for Warming-up a fuel cell according to the third 
embodiment of the present invention. 

In an apparatus GS3 for Warming-up the fuel cell according 
to the third embodiment, a Water-permeable type humidi?er 
utiliZing holloW ?ber membrane (not shoWn) is used as the 
humidi?er 23. The holloW ?ber membrane comprises holloW 
?bers each having a holloW passage, a diameter ranging from 
1 to 2 mm and a length of several ten cm. The humidi?er 23 is 
composed of tWo holloW ?ber membrane modules each 
accommodated Within a holloW container, each module com 
prising a bundle of several thousands of holloW ?bers, piping 
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Which connects these tWo holloW ?ber membrane modules in 
parallel, sWitchers (sWitching means) for sWitching these tWo 
holloW ?ber membrane modules depending upon the How 
amount and the humidity of the supply air, such as an elec 
tromagnetic valve and a controller for the electromagnetic 
valve (all being not shoWn). In this embodiment, the control 
ler for the electromagnetic valve is included in the controller 
4. 

A packing ratio of the holloW ?ber membrane in each 
holloW ?ber membrane module is from 40 to 60% relative to 
the cross-section of the holloW container. The holloW ?ber 
membrane module is con?gured so that the exhaust air Ae 
?oWs from one end of the holloW passage and is discharged 
from another end. Also, the holloW ?ber membrane module is 
con?gured so that the supply air A ?oWs through the gaps 
among the holloW ?bers and is then discharged. Speci?cally, 
the holloW ?ber membrane module is con?gured not so as to 
mix the supply air A With the exhaust air Ae. On the other 
hand, the holloW ?ber membrane module possesses a plural 
ity of capillary tubes from its internal surface to the external 
surface each having a diameter of several nm. In the capillary 
tubes, the vapor pressure is decreased, easily resulting in 
condensation of the moisture. The condensed moisture is 
draWn out due to the capillary phenomenon and is permeated 
through the holloW ?ber membrane. Consequently, When the 
exhaust air Ae containing a large amount of moisture pro 
duced in the fuel cell 1 ?oWs through the holloW passage, the 
moisture is condensed on the internal surface of the holloW 
passage, and the condensed moisture humidi?es the supply 
air A Which is relatively dried and ?oWs through the gaps 
among the holloW ?bers. It is also possible that the supply air 
A ?oWs through the holloW passage side and the exhaust air 
Ae ?oWs through the gaps among the holloW ?bers. 
The humidi?er 23 is con?gured so that When the How 

amount of the supply air is small, the sWitcher sWitches the 
holloW ?ber membrane modules so as to only use one holloW 
?ber membrane module, and When the How amount of the 
supply air is large, the sWitcher sWitches the holloW ?ber 
membrane modules so as to use both holloW ?ber membrane 
modules. The sWitching of the holloW ?ber membrane mod 
ule is due to the humidi?cation characteristic of the holloW 
?ber membrane module that the humidi?cation performance 
of the holloW ?ber membrane module is decreased if the 
folloW amount of the supply airA and that of the exhaust air 
Ae are too small or too large. The timing for sWitching the 
holloW ?ber membrane modules or such is decided by the 
detected signal from the airmometer Q and the detected signal 
from the humidity sensor H. 

The humidi?er 23 utiliZing the holloW ?ber membrane 
modules also serves as a heat exchanger Which exchanges the 
heat possessed by the supply air A and that possessed by the 
exhaust air Ae. Consequently, unlike the ?rst embodiment, 
the apparatus for Warming-up the fuel cell according to this 
embodiment has no separate heat exchanger. 

The apparatus GS3 for Warming-up the fuel cell according 
to the third embodiment having the same con?gurations as 
those of the ?rst embodiment, except for the portion of the 
heat exchanger and the humidi?er can rapidly Warm-up the 
fuel cell only in a simple con?guration Where three-Way valve 
26 is sWitched. In the apparatus GS3 for Warming-up the fuel 
cell according to the third embodiment, the moisture stored in 
the interior of the fuel cell 1 can be effectively utiliZed and, 
thus, no or little Water for storing Water for humidi?cation is 
required to be stored. Also, the humidi?cation of the supply 
air A can be carried out in a uniform manner. 










